PURPOSE: To summarize the (1) economic impact of the increased prevalence and costs associated with ESRD secondary to diabetes, (2) major evidence in diabetic nephropathy associated with the use of agents that block the renin-angiotensin-aldosterone system (RAAS) to delay the progression to ESRD, and (3) results of a recent pharmacoeconomic analysis on the economic impact of the use of the angiotensin receptor blocker (ARB) irbesartan to block the RAAS in diabetic nephropathy.
RESULTS:
Application of pharmacoeconomic models demonstrate that use of irbesartan increases mean life expectancy from months to years, depending on when in the course of the disease irbesartan therapy is started. Further, use of this agent produces these results while lowering costs, with mean savings of $3,000 to $12,000 per patient.
CONCLUSION: Clinical trials show that blocking the RAAS with ARBs and angiotensin-converting enzyme inhibitors delays the progression of diabetic nephropathy to ESRD. Recent analyses using predictive models have concluded that the most effective strategy is to begin therapy early in disease progression. Figure 1 shows the increase in both incidence and prevalence of ESRD over a 19-year period.
1 Figure 2 shows Medicare spending that includes paid claims, estimated Medicare+Choice costs, and estimated cost to obtain organs. NonMedicare spending includes cost estimates for non-Medicare ESRD patients and estimates of patient obligations. 
Diabetic Nephropathy and End-Stage Renal Disease
Diabetic nephropathy (DN) is the leading cause of ESRD in the United States and a leading cause of DM-associated morbidity and mortality. Albuminuria in patients with DM is associated with severely reduced survival and an increased risk of cardiovascular disease. Patients with DN frequently have concurrent morbidity associated with retinopathy and neuropathy. Although not completely understood, the mechanisms by which hyperglycemia leads to ESRD include structural changes in the glomerulus (glomerulosclerosis, mesangial expansion, basement membrane thickening, increased extracellular matrix), hemodynamic changes in renal microcirculation (increased glomerular capillary pressure, glomerular hyperfiltration), and interaction of soluble factors and cytokines (growth factors, angiotensin II, endothelin). Many of these effects may be altered through the use of agents that block the RAAS. 4 The first clinical manifestation of DN is the appearance of small amounts of albumin in the urine, a condition known as microalbuminuria. This occurs as soon as 5 years after the diagnosis of DM. As the disease progresses, albuminuria increases and renal failure develops, eventually progressing to ESRD. This pre-ESRD stage is called overt nephropathy and can occur within 10 years after the diagnosis of DM. 4 Approximately 30% of patients with type 1 DM develop nephropathy. DN was once considered a less common complication of type 2 DM than type 1 DM. With improved treatments, more patients with type 2 DM survive to experience ESRD, and type 2 DM now represents the most common cause of ESRD. 5 As the incidence of DM is growing at epidemic proportions, so is the expected incidence of ESRD and costs related to type 2 DM.
Pharmacoeconomics of Diabetic Nephropathy
In 1991, costs for ESRD were $8 billion-$5. The U.S. government achieved its objective to reduce the economic burden of younger ESRD patients in the Medicare program by having those patients covered by the private sector. However, because of the ongoing shortage of kidneys available for transplantation into this younger population-thus providing ESRD care at a lower cost as well as yielding improved outcomes-dialysis treatments continued to be required for more patients. Recent per-patient-per-year (PPPY) and total program expenditures for ESRD have increased at rates not seen since the early 1990s. From 2000 to 2001, total spending for ESRD treatment grew by 11.5%. 
Costs of Dialysis Therapy
Dialysis is a very expensive modality costing more than $50,000 PPPY. 1 Total spending for the 400,000 patients with ESRD cost ESRD Growth: Expenditures 
Medicare and End-Stage Renal Disease
The ESRD population using Medicare benefits grew at a rate of 4% between 2000 and 2001. However, the number of non-Medicare patients with ESRD increased by 8% during the same period. Based on the use of nondialysis services, estimates are that other medical costs were generated at a comparable rate. Growth in billed services for patients aged 0 to 19, 20 to 44, and 45 to 65 years (starting in 1999) appeared to reflect major and uniform changes in provided billing practices. According to primary diagnosis, recent increases are most apparent in the diabetic population (14.1%) and less for patients with a primary diagnosis of only hypertension (11.8%). The lowest costs are for patients with glomerulonephritis (7.1%) and other causes of ESRD (8.9%).
1
The present economic burden of ESRD secondary to diabetes is overwhelming. As growth of this population continues to accelerate, future funding considerations become daunting. Fortunately, medical trials have led to therapies that slow and possibly even prevent progression to ESRD and thus have the potential to significantly impact these financial considerations.
ss Results
Medical Treatment to Slow or Halt Progression to End-Stage Renal Disease in Type 2 Diabetes Mellitus
In 1993, the Collaborative Study Group (CSG) reported on a clinical trial that demonstrated captopril, an angiotensin-converting enzyme (ACE) inhibitor, protected against deterioration of renal function in patients with type 1 DM and DN and was significantly more effective than blood pressure (BP) control alone. 6 This trial demonstrated that the use of captopril reduced the risk of doubling of the serum creatinine (a surrogate for progression to ESRD) by 48% when compared with standard antihypertensive therapy. Both treatment groups had similar BPs, thus the effect of captopril on progression was determined to be independent of its antihypertensive properties, an effect termed "renoprotection." 6 In 2001, the CSG reported on the Irbesartan Diabetic Nephropathy Trial (IDNT), which was designed to ascertain whether the use of the angiotensin-II receptor blocker (ARB) irbesartan or the calcium channel blocker (CCB) amlodipine provided similar renoprotection in overt nephropathy associated with type 2 DM. 7 In this trial, the use of irbesartan was shown to reduce the risk of doubling the serum creatinine by 33% when compared with standard antihypertensive therapy and by 37% when compared with treatment with the amlodipine. BPs were again similar across groups, indicating that these salutary effects were a result of renoprotection. 7 Similar results were reported using losartan in the Reduction of End Points in NIDDM With the Angiotensin II Antagonist Losartan (RENAAL) trial. 8 Results of the Irbesartan in Patients with Type II Diabetes and Microalbuminuria (IRMA II) trial were also published in 2001. IRMA II studied the effects of the use of irbesartan (300 mg/day or 150 mg/day versus placebo) to prevent progression from the earlier stage of microalbuminuria to the later stage of overt nephropathy in patients with hypertension and type 2 DM. The study demonstrated that patients receiving irbesartan (300 mg/day) had about one third the risk of developing overt nephropathy compared with the patients not receiving (adjusted risk reduction 68% at 300 mg/day). 
Economic Impact of Blockade of Renin-AngiotensinAldosterone System in Diabetic Nephropathy
The data from the 1991 CSG captopril trial in type 1 DN allowed the creation of a Markov pharmacoeconomic model to assess the economic impact of the use of captopril in patients with type 1 DM and overt nephropathy. Because progression was limited by captopril, the model predicted that this treatment resulted in an absolute direct cost savings of $32,550 per patient and prolonged life by 2.15 years over the course of a lifetime compared with standard antihypertensive therapy.
10 These findings-prolonging life while saving money-are unusual in this day and age of escalating medical expenditures, but they become a recurring theme, as is demonstrated in subsequent pharmacoeconomic studies.
In the CSG' s more recent study of the use of irbesartan in type 2 DM, a similar Markov predictive model was created to simulate the treatment of hypertensive patients with type 2 DM who had overt nephropathy similar to those patients enrolled in the IDNT. The model included 3 treatment arms (irbesartan, amlodipine, and placebo) and 5 primary health states: survive (entry state), 3 health states corresponding to the progression of DN (doubling of serum creatinine [DSC]), ESRD managed with dialysis (ESRD/dialysis), ESRD treated with renal transplant (ESRD/transplant), and death. In the model, nonfatal cardiovascular (CV) events were included as temporary and transitional. In each study cycle, patients transitioned to new health states or remained within the same state. Transitions to the survive and DSC states might occur with or without CV events. 2 The Markov model incorporated medication use and resource information directly from the IDNT and the U.S. Renal Data System (USRDS) for patients with diabetes who were receiving dialysis therapy or were post renal transplant. The cost of study drug (i.e., irbesartan 75 mg, 150 mg, 300 mg; amlodipine 2.5 mg, 5 mg, or 10 mg) was calculated by determining the exposure time by dose for all patients in the trial. Cost for each treatment dose was calculated from the average wholesale price for the year 2000. Use of concurrent antihypertensive agents by class was used to determine their contribution to bottom-line costs by treatment arm. A weighted average price in the model was assumed to be similar between treatment strategies. Mean annual costs of concurrent antihypertensives were then estimated to be $563.44 for irbesartan, $519.70 for amlodipine, and $624.28 for placebo. 2 The Markov model used in this study was able to predict that the use of irbesartan represents both therapeutic and economic improvement and has the potential to provide beneficial long-term clinical and cost-effective outcomes.
2 Table 1 summarizes the pharmacoeconomic results of the analysis. Irbesartan is cost effective compared with both amlodipine and standard antihypertensive care. At 25 years, the model predicts that the use of irbesartan increases life expectancy by 0.6 to 0.7 years (versus amlodipine and placebo, respectively) and saves $15,607 to $26,290 (versus placebo and amlodipine, respectively).
2 Figure 3 demonstrates the cumulative cost savings per 100 patients treated with irbesartan compared with amlodipine or placebo. 2 A different approach was taken by the investigators involved in the RENAAL trial. Focusing on short-term savings by prolonging the time to ESRD, comparisons were made on the number of days that patients would receive ESRD therapy if they were to receive losartan versus standard antihypertensive therapy. They found that losartan reduced the number of days with ESRD by 33.6% over 3.5 years. This resulted in a savings of $3,522 per patient over this same time period.
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Another Markov model was developed to determine the pharmacoeconomic effect of irbesartan (300 mg/day) at the earlier stage of microalbuminuria. Since irbesartan was used in both IRMA II and the IDNT, this allowed the combination of the data from these 2 clinical trials to develop a Markov model that projected outcome from microalbuminuria to ESRD. This model was also designed to determine the most cost-effective time to start irbesartan-at the microalbuminuric stage as was studied in IRMA II or at the overt stage as was studied in the IDNT. 12 Composite end points of the clinical trial included DSC, ESRD, and death. 12 Three treatment strategies were compared: early use of irbesartan (with therapy initiated when microalbuminuria was detected), late use of irbesartan (treatment started when nephropathy developed), and standard antihypertensive therapy with comparable BP control. 12 Data were taken from IRMA II and the IDNT; 12 costs for ESRD and outcomes were obtained from the USRDS. 12 Costs and This study demonstrated that, when compared with standard antihypertensive therapy, early use of irbesartan per 1,000 patients was projected to save $11.9 ± 3 million, and late use of irbesartan was projected to save $3.3 ± $2.7 million. The study also estimated that the early use of irbesartan would add 1,550 ± 270 cumulative life years per 1,000 patients, while late use added only 71 ± 40 cumulative life years. The investigators concluded that the model predicts that irbesartan should be started at the onset of microalbuminuria and continued on a long-term basis for optimal effect in BP reduction, reduction of protein excretion, and progression to ESRD and overt nephropathy.
Pharmacoeconomic Challenges in the Management of Diabetic Nephropathy
12 Table 2 summarizes the clinical and pharmacoeconomic results of the trial.
12 Figure 4 demonstrates the advantage of early use of irbesartan over late use in avoiding ESRD over a projected 25-year period. 12 ss
Conclusion
In 2001, data from the results of 2 trials showed the progression of kidney disease in patients with type 2 DM was slowed significantly. The IDNT demonstrated that the ARB significantly slowed the progression of ESRD to overt nephropathy. The IRMA II trial showed that using the ARB in the earlier microalbuminuric stage prevented progression to overt nephropathy. Those results allowed the creation and execution of pharmacoeconomic models to determine the financial impact of the use of irbesartan at various stages of DN. A Markov model was created for irbesartan use at the microalbuminuric and overt nephropathic stages. The model demonstrated that the use of irbesartan increased mean life expectancy from months to years, depending on when therapy was initiated in the course of the disease. In addition, irbesartan therapy resulted in mean cost savings of $3,000 to $12,000 per patient. These models clearly predict that the most effective strategy is to start irbesartan early, at the microalbuminuric stage. 
